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Set forth in this article are the results of cherking the
use of field hydrochemical msthoas of inves:igation in prospecting
for ore deposits, developed by a group of specislists of the
VSEGINGEO institute [A11-Union Research Jeological Institute of

Osochemistry].

The explorations were made :n a comflex with other kinds of
prospecting work by one of the geolosical partiss., The ares of the
work occuried pary of a rid'ga of northwest direction, maximal mearks.
of which reach 2,500 m, In the geological structure of the perspective
part of the distr'‘ct, tuffacecus rocks of the Eocene series play the

major rols, having the following section (from below up)i

(1) bottom uffoeffusive series, represented primarily by

augite porphyriter which at places change to tuffj its thickness

300 my

(2) tuffo~ :'dual perspective series, formed in its lower
part by tuffs, wh. . upwards along the section change to fine-

stratified tuffoss- istones; its thickness 200 m;

(3) level of rugite porphyrites of andesite composition
150 » in thickness;

(4) second tuff le-el, represented by tuffosandstones and

tuf‘s of Jdacite compositi,ng its thickness 150 my

Sanitized Copy Approved for Release 2011/06/08 ;. CIA-RDP81-00280R001300170008-3

PRDY TR



<

Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170008-3

(5) top \affosffusive series, represented chiefly by
sndesite porphyrites; thickness of this seriss LOO "

From the {ntrusive rocls in the district of the deposit,
posteore dikes of diabasic porphyrite have been spread. The rocks
are crushed in the sioping of the folds of orthwst strike. The

dipping of the sides of the folds usually does not exceed X0,

Large-scale tectonic disturbance of the northwest atrike

is mcorded among the disruptive disturbances in the district,

The polymetallic miuneralization (galenite and sphalerits)
which has an obvicusly bedded ch:racter, is timed t-> the layer of
1limy tuffosandstones of the tufforesidual series. Ths polymetallic
minerali-sation changes upwards to bedded copper-hematite, and still

hirher, to copperehematite dissiminated,

Characteristic for the second tuff level is the presence of
lode copper-hematite rminoralizstion, Near the badded mineralisation
the h 1ding rocks are limonitized. The content in them of eplidote,

quarts, and carbnnates i3 characteristic for the h-lding rocis.

By preceding work, 1t was esstablished that the bedded ore
developrenis are -arked by brokenness and uneven distribution within
the perspective series, The tasks of hydrochemicsl investigations
in the district were the further tracing of the ore strata previously
determined and the prospsecting for nev ones within the limits of

the same peripective serics.

In & hycrogeological sense all the rocks wvhich form the
district have in some degree abundant water. The tuffosandstones
of the perspective series an. the second tuff level have the reatest

amount of waterins, The porphyrites undarlyinz thase rocks are for

-
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the tuffosandstonss practically a water catech; therefere the
maximal mumber of water msnifestations are adapted to their comtast.
According to conditions of circulation, the undarground waters in

t-e district are clusseds

(1) waters of deep ciroulation which have platesu-form supply
sources it the southsastern part of the district, whore absolute

marks resch up to 2,500 mj

{2) waters of shallow circulation distributed rrimarlly in
the wstern and northwmstern foothil) parts of the district.
Pradominant in the relief of thnase sections are separate small
ridqes and oud summits up to 2,000 m i{n elevatinn, which form
local aress of supply isolated from each other; hare there are

no siznificantly sustained aquifercous levels,

The district as a whole i. characterised dy a substantial
sotivity of water exchange. Here, the annual a ount of precipitation
reaghes 700 =m, and ths amplituce of ths variations of absolutse

maris reaches 1,000 m, C nsequently, a large number of springs are

prese nt.

Investigation of the chemical composition of the uncer.round
waters was done chiafly at tha sprin-s. The chemical snalyses of
the water were made !n the laboratory of the detail on the day after
samplinz. The ore elemeuts (Cu, FPb) were det ermined by the

colorimetric method in the field laboratory.

The field investizations were gonducted in seversl stages.
In the first stage the general chemical ocomposition of tre district's
underground vaters was investizated with the object of ascertaining
the oconfomitiss to principles in formation of the chemical composition

of She district's undergrounnd waters, and also the connection of the

Ceete = .
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11sholoclical eomposi‘‘n of the recks with the geosral c'enical
ocomposition of the undeigrornd w2'erg ShAt eesw: solsy the

inflwence of mineralisation.

In consequence of the an~lys s, it .as established tlLat in the
cistrict of the insestigations the unocergriind vaters outsice the
mineralised rocks possess slisht minerslisation, chiefly up to
200 mz/1 with the follow.ng average content cf the -ain .niredients

o m'naralizsations

Cl 3.0 mp/1
80), 6.0 ms/l
AL04 100 mg/1
Ca 100 mg/1
Mg 10 mg/1
Na 10 mg/1
pH 6.7-7.3

The content of the indicated ingredients of mineralisation
in the underground waters, adaptcd to various stratigraphic complex-s,
does not undergo si-nificant variation, with the exception of an
increasy in the content of 30, ion in the vaters of the second

tuff lovel, which wi'l be discussed later.

The maximal contents of lead in vaters outside of known sections
of ore daposits reaches 0.01 mg/l, of copper 0.02 mg,1. The low
contents of ore elements in the water are apparently to be explained
by the heightenad sctivity of water exchange, which brings about
intensive dissip tion of th~ ore elements in the underground waters,

{n -ontrast to lowered activity of water exchange, under which con-

ditions t e acc'aul.-t.on of ore elemsnts ocomrs to a certain limis

<n undarground waters.

—~
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The content of lead in the district's underground vaters
proved close to the sensitivity of the colorimetrit method. Therefore,
the distribution of lead in the underground uaters of ssparate

seations had to be compared not by quantitative ratios but only by

percentages of occurrence,
1

¥We will dwell on the contents in the water of Cu and Pb
according to varioue stratigrathic complexms. This comparison
was made by percentages of occurrence and points for copper and
by percentames of occurrence for lead. The content o7 copper in

points was evaluated as follows:

Content of Cu in mz/l Points
Traces 0.5
0.01 1.0
0.02 2.0

The distribution of ore elaments in waters that had no
connection with mineralized rocks was subject to the following
hydroghemicsal principle. The watesrs of the lower tufforesidual
series have the greatest percentage of lead occurrence, ths wvaters
of the second tuff level possess haeigh'ened cont'mts of copper,

the percentage of occurrence and p-ints of which rise regulu.rly to

the top of this level,

We cite the dsta of the contents of copper and lead in the
undergrountd wvaters, distributecd outside mineralised rocks in the

various stratigraphi: l-vels (Tabtle 1).

Inasauch as heightensed activity of wvater e¢xchapge, uncer the
conditions of which ouly leaching occurs, is charac.exi _tic of the
district, tien such an uneven distribution >f ore elements in the
undersround waters of the indicated coaplexss s t7 bde ex-la .ned

by the varied intensity in the tocks of dispersed mineraiization of

ore elements in s:lfice fom.

™~
Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170008-3

d



Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170008-3

AR )
Percentage of Points Perosntage of
occeurrencs of ogourrence
Name of Complex Cu Cu Po
Tuffores idual perspective series 88.4 0.5 16
3econd tufforesidual level;
sublevel 1 33.0 0.2% o
sublevel 2 83,0 0,Lo o]
sublevel 2 100.0 1.25 12.5
Top tuffoeffusive series 22,0 0.10 g

With raspect to the content of aulfites. in the underground
waters of the various litholopical complexes, it should be noted
that the -~a: rs of the sscond tuff level possoss the :Teatest
magni tudes of the sulfate ion (on the average 8 mg/l), in contrast
to the waters of the tufforesidual perscective series, where the
content of sulfate ion i, but 4,2 7+/1. This is evidantly the
intensity, relatively heaizhtenrd for the given district, of dis-

parand copper mineralisation, peculiar to the second tuff level.

The second stage of the hycrochemical field in.astigations
consisted in the study of variations of the chemical compositian of
the underground wate s under tne influence of certain rocks knowm
t> be mineralired, It should be stressed that the district described
has “avorable conditions for the study of the influence of ninersliza-
tinn on the chewism o7 watars, inasmuch as the maximal number of
natural water manifestations are adapted to th-: contact of tuffosandetonss
(potentially ore-bearing) with the underlying porphyrites which

are a water catch.

The effsct o” mineralizaticn »n the chexical coaposition of

-
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undsrground waters i: expressed chiefly in the incresse of Sheir
sulfate content. Increase i» the ccntents of ore slewents in
underground waters near mineralisation is not observed. This 1i»

a congequence o”the previously exsined uneven distritution of
disperssd sulfide minsralization (outside mineralised rocks) in
various conplexes of rocks in combination with the heightened activity
of water exchange wnich orings about 'ntense dispersion »f ore
elements in the districi's area, It was :stablisghed by invistigatioras
‘ that the percentszies of occurrence of ore slements in waters close

to mineralized rocks and outside them are approximstely icentigal.
Thus, the conten® of ore elements in thes underground .aters in the
district being descrited cannot sarve as a direct indication of the
presence of or~ deposits in one Or another section. -owever, the
prospects of the ziven lithological complex can be cetermined for

the given district accordin~ to the content of o-e¢ elsaents in the
underground waters, since the lower tuff level can be r~ractically
distiuguished from the uppsr according to the percentage of occurrence
of ore elements (Cu and Pb), i{.e,, distingiishing tre strata which
are potentially polymetal-bearing from the oreless sacond tuff

las/el, the mo—e 30 zince they are hardly distinguishable from each
other visuslly. 7This problem was practicallysolved according to the
pe~centages of cooper occurrence in the waters. During deta led
aeological investizations the sections with considerable percentiges
and points of Cu usually proved to be formed with rocks of the

upper tufforesidual level, As rTes.lts of tie work showed, ths

nost precise ore ce elopments in the district are fixed b) the
sulfate content of the unijergrourd vaters. Relstively to the general
~rowth of mineralisation, scalas of the increass o” s:1fate content
ware fix:d b m-ans of the ratio of contents E%I{_ in mg/l. It is

posaible to apply this cneflici-nt for the ‘nitlal staze of the
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formation T the chemiesl s.mpor{llon and in a small imterval of it,
when th: magvitudes "o 30,‘ and Cl increase approximsiely
to the * ¢ extent, For .. 'ricwa .ith waters in various stages of
tho fu iation =f chemical composition, which havy antatantisi ‘mplituces
of variation of general mineralisation, tris factor for evaluating
prospec's is not applioable. In order to ascertain hcw tre sul"ete
contant or the waters is chanred in time, a network regice of 3
springs was set up in the district., It was learned that in procortion
to decline in yleld of the springs the general mineralisation of

tre waters in them is increased, the increase 'n tr~ ma.niiude of

30y, rising more intensively than the increase in tha content of Cl,
Thus, during the 2 mont's (July and August), the content of 30)

in one of the springs ut: .Jde the sections of mineraiitation increased

from 3 to A mg/l with the wagnitude of Cl a oconstant 3.5 mg/l.

In this comnaction, during the same length of time the valne
of the factor ? also changed from 0.0 to 2.1. If, for example, Y
in July wi.en the factor was aqual to 2.0, t:1is pointed to a riss
of sulfate con. 't nn account of external causes, then in 3eptember
such s fate content .as th- consequence of the natural foriation
0o’ the crnenical cmrosition of the undcrgmﬁnd waters. In the
district desocrited the magniiude of the factor for underground waters
not ~omnected wi‘h ore format! .as varied from 1.00 for underground
waters ot the bot.om perspective tufforesidual series to 1.6 for
waters of the tor tuff level (the value of the facto's are given
for the second 10 days of J:ly). Urder the influence of ore fnimations
the magritide of the factor j-il)k- was more than ? in July. During
the suwmer pario. <he minimal value of this prospecting factor was
tncreassy rom 2 t- 3, a. ‘' f» the conduct of prospucting it was

nacrusar; to know .he noraal magnitude o' the factor g%‘-, whioh

‘s thus a .licin: cale. &y -«¢gime ob.ervations it was sstaoliahed
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that the variation of sulfate content in time oocurs only for watlere

of shallow circulation (waters of th:y second typs).

The sulfate content of waters of deep circulation remained
without change diring the cowsec of the sntire swmmer. Thus, in
using the factor :-’- for conducting prospecting, it was essential
to know the variations of its magnitudes depending on gensral geolo-

glosl and hydrogeolo-ical oconditions and times.

Concerning the pH of underground ~aters, it should be pointed
out that this magnitude for the given conditions did not undirgo
any kind of changes under the influence of mineralisation, which

aguin is connected with the heightened activity of water exchange.

Thps, in consequence of .he second stage of inveostigations
it was asc: rtainad that the main hydrocheaical sign wtich points
to the precence of vre formations in the described district is the
haightened ratio ir uncerground w ters of 2—%‘, which is traced
Irom known ore formations in the stream of underground waters at
distances up to 0. n., A favorsble feature in this respect is the
sbsence in thes disirict of other processes w-ich bring abou% increased

sulfate content o: -he uncerground waters.

A secondar~ (suxiliary) hyurocheaical sign is the content
in the undergroun’ .aters of ora slements, the percentage of occurrence
of which points f r each sesotion to ithe qualitative composition of

tlte mineralisation.

In tbhe process of field work it was ascertained that under
the influsnce of minaralisat:on the cheaical composition not only
of underground wsters, but als- of surface waters is changed, since
the uncerground waters play the predominant role in ths supply of
small brooks. The smapling of brooks, in the vaileys of which
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ninerslisstion is kmown, showed the regular increase of the sulfate
esontent of surface waters (Pigures 1, 2). The chemiocal composition

of swrface vaters could in individual cssen also be used in the

capacity of an auxiliary hydrochemioal prospecting sign.

The third stage of the hy:rochemical investigations consisted
ir. the promotion of prospecting proper which was done sccording to
the data of the sscond stare inwestigzations, However, it should
be noted that prospectings can be c.nducted, omitting the second
stage of investigations, immediately after ascertajning ther gensral
principles of the formation of the chemical compositi.n of the waters

of the district, Pield investigations are i.h reby consideradbly

complicatad.

Prosp-ctings by the hydrochemioal msthod must be done without
fail ir & complex with reological operetions suppleagnting them.
The hyarochemicsl mesthod must not be rezarded as somsthing independent; -
this is a secondary method, but it can /reatly facilitate the work N

of prospecting fo ores.

The shortconing of the method is only that it can be spplied
solely in districts with a dense system of nitural water davelbpments.
The density cof points iy an essential condition for the hydrocheaical
method. The number of points can bLe i{ncreased by meaxns of light

mining operations (diggings, etc).

The prospecting method of the third stage of Llnvestizations
congsisted cf the following. At sections of the develupment of
p rapoctive tufforesidual series, simultaneously with the staging
by seologists of the alluvial sand m t}od, mass sswpling of unuer-
xround and surface waters wvas carried out. Prooeeding from the

magnitude »f the hal- of dispersi-n of sulfates in ‘he under:ro.nd

- 10 -
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waters, specimens wers taken wherever possibls not less frequently
dhan svery X0 m. Othervwise, it would have been impossidble to draw
any kind of definite conclusions on the section sampled. The
surface vaters were tested from the mouth to the wource. Both
complete and incomplete analyses were made. In ieneral complete
aialyses are es:entisl only at the initisl stazey of operations (the
stages 1 ‘and 2), wvhen investigations are being made to find
hycrochemical signs., In the conduct of prospecting it is more
degirable to make analysos only for ingredients that can point to
ore foruationz. In the third atage of operations we did incomplete
analyses which embraced the cetarmination of pH, C1, soh, Ca, Pb,
Fe +.«, Poc-+, the determination of soh and Cl being done directly

wiiioute by means of a fielc laboratory.

In consequence of the hycrochemiocal field investigations,
a map wa: drawn up of the prosprcis of the diastrici's area. Part
of this map 18 depicted in Firure 3. Indicated on ths map are
sections of hydrochemical anomalies according to the values of the
factor ;-;l-‘, the average value of 2.5 being taken for the minimum

value of the factor o7 anomaly.

The majority of anomalous sections found !n the process of
hydrochemical investigations were confimed by the works of geologists.
For example, an anomaliy in one of the northwestern sections of the
development of the perspective series, which vas expressed in the
increase of the value of the pruspecting "actor ?—;L to 2.6 in com-
bination with an increcased percentage of the occurrence of lead in
the waters, was confimed by the prospecting operations. Juvsequently
tte polym~tallic ore formation was bared by drill pits ana tunnels,

In the eastern part of tho perspective distriet 2 large zmup of

>,

S0,
anomalous vaiues of the factor CTI‘ {up to 5 or 6), ware confirmed by

1] =
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the detailed .orks of zeologista, who established in ®iis part of

ths district a number of bedded polymetallic ore “ormations,

In cmclusion it 13 necessary to note that the hydrochemical
prospszcting criterion cited sbove, as well as the method of conducting
the operation., can te us:d atove sll 'n districts that have natural

conditions similar to those described.

It i{» essential to consicer that in every definite d strict
the hy roctemicel prospsecting sigus can possess & certain specific
crarscter., These singularities must be established -n the basis of
an investigation of the principles of the chenism of the district's
underground wate~s. 3Substmiial contents in the underground waters
of ore elements and of sulfsates {n combinstion with low value of
tte waters' pH magnitu.s are frequentily taken in the capacity of
hydroo'emical prospecting criteria. 3Such pmapecting signs are charscter-
istic chiefly for th =ine .aters of copper-pyrite deposits (1, 6).
In natural conditions they ars rarely encountered and are usually

characteristic for copper-pyrite deposits.

But prospecting for polymetals can be done with ordinary
waters and sven with waters of very slight minemslisation, as happensad

in the district explcred.

Thus, at a concrete object we succ-eded in crecking the
possibility of employing the method of hydrochemicsl pro spacting which
{s eing elaborated by s group of specialiits of the VSSOINGED Institute.
Tt {s necessar to chack this method in other districts alsoc, so

trat complex prospscting for ore dsposits be tnen mors widel)

installed in practice.

-12 -
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Figure 3. Diagran of prospects of one of districts prospected. 1. alluvial-deluvial measures Q; 2. porphyrite lavel;

3. level of ore-bearing tuffosandstones; L. bottom tuffoeffusive lavel; 5. valus of the factor ;3‘- 2.5-3.53 6. value of

T LeS; 8. hypothetical sections of wimeralisation according to the
results of the hydrochemical investigations; 9. mineralization known befare the start of field operatioms; ll. oumeretor,

the facvor 2%’ 3.6~44.5; 7. value of the factor L

number of tests; denominator, value of factar cgi* t 12. cortour of variation of mlfate content of surface waters; 13.

visible tectonic disturtances; li. presi—ed tectenic distmbances; 15, comtacts
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